Introduction
============

The SRP complex is a group of ribonucleoproteins, including the 7SL RNA in association with six polypeptides, 72, 68, 54, 21, 19, and 9 kDa, the main function of which is to attach the translating ribosome to the endoplasmic reticulum (ER)[^2^](#FN2){ref-type="fn"} and facilitate the translocation and secretion of proteins into the ER lumen (68 and 72 kDa) ([@B1][@B2; @B3; @B4][@B5]). Inside the ER lumen, post-translational events such as glycosylation, methylation, and phosphorylation take place so that a given protein exerts its actions in specific tissues. Phosphorylation is the most important post-translational event at a cellular level regulated by protein kinases ([@B6], [@B7]). MAPK is a key player in the important cellular signaling pathway. Its activation is associated with inflammatory cytokines, genotoxic agents, UV light, and heat shock proteins ([@B8][@B9][@B10]). It has been hypothesized that phosphorylation might have a role in the induction of autoimmunity in patients with systemic lupus erythematosus and Sjögren syndrome. Proteolytic cleavage has been identified as a possible mechanism of breaking tolerance in autoimmune rheumatic diseases due to exposure of cryptic epitopes to the immune system triggering autoimmune phenomena such as autoantibodies against self-molecules ([@B11], [@B12]). Other mechanisms that contribute to breaking tolerance toward self-peptides might include release of cytokines and pro-inflammatory mediators able to alter phosphorylation status through kinase pathway activation ([@B13]). IL-1β promotes activation of ERK1/2, p38, and JNK (Janus kinases) in rheumatoid arthritis and osteoarthritis inducing joint inflammation, although a clear-cut mechanism remains to be elucidated ([@B14], [@B15]). In patients with dermatomyositis (DM) ([@B16]), up-regulation of IL-1β in muscular tissues and peripheral blood has been reported ([@B9], [@B11], [@B12]). The aim of this work was to explore the phosphorylation status and expression of SRP72 autoantigen, using an *in vitro* model, previously reported by our group ([@B17]), on Jurkat cells that offer an excellent substrate to test models of autoimmune diseases because they are a stable tumor cell line capable of producing human IL-2, which stimulates the long term *in vitro* proliferation of antigenic specific effector T cells and enhances mitogenic properties; also they offer various antigen and effector specificities. These Jurkat cells were stimulated by recombinant human IL-1β (rhIL-1β). IL-1β is overexpressed in muscle biopsies of patients with DM ([@B18]); also it is known to up-regulate the MAPK kinase family; p38, ERK, and JNK ([@B19]). Furthermore, we were able to show that specific MAPK inhibitors prevented IL-1β-induced up-regulation of SRP72.

MATERIALS AND METHODS
=====================

### 

#### Cell Culture

Jurkat cells were grown in RPMI 1640 medium (Millipore, Billerica, MA) supplemented with 10% heat-inactivated FBS, 100 units/ml penicillin, 100 μg/ml streptomycin (Invitrogen) under 5% CO~2~ at 37 °C for 72 h until a confluence of 1 × 10^6^ cells/ml for each experiment. The cell pellet was obtained after centrifugation at 300 × *g* for 7 min at 4 °C.

#### Induction of SRP72 Expression with rhIL-1β

In the experiments to examine the effects of rhIL-1β on SRP72 expression, Jurkat cells were cultured in complete RPMI 1640 medium without (control) or with 100 pg/ml rhIL-1β (Millipore) and harvested at 0, 5, 15, 30, 60, 90, 120, 180, and 240 min. The cells were washed with iced-cold PBS and lysate in Nonidet P-40 lysis buffer (150 m[m]{.smallcaps} NaCl, 1% Nonidet P-40, 50 m[m]{.smallcaps} Tris, pH 8.0) as described elsewhere ([@B7]). The total protein concentration of cell extract after centrifugation (13,000 rpm, 10 min at 4 °C) was quantified by Bradford ([@B20]).

#### Activation of Jurkat Cells and Inhibition of MAPK Pathway

Another series of experiments, effects of MAPK pathway inhibition (ERK1/2, p38, and JNK) on rhIL-1β-stimulated Jurkat cells, was examined by culturing cells with ERK1/2-MAPK inhibitors PD98059 (Selleck Chemicals LLC, Houston, TX) (MEK1 and MEK2 (1, 5, 10 μ[m]{.smallcaps})), HA1077 (Sigma) (RISK2 (p90 ribosomal S6 kinase family of serine/threonine number 2) (1, 10, 20 μ[m]{.smallcaps})), p38 MAPK inhibitors SB203580 (Selleck Chemicals LLC) (p38α (1, 5, 10 μ[m]{.smallcaps})), SB202190 (Selleck Chemicals LLC) (p38β2 (1, 5, 10 μ[m]{.smallcaps})), or JNK-MAPK inhibitor SP600125 (Sigma) (MAPK 9-JNK (1, 10, 20 μ[m]{.smallcaps})). Cells were harvested at 0, 120, and 240 min. The experiments were repeated three times.

#### Western Blot (WB) Analysis and Quantification of Protein Bands

Cell lysate that contains 20 μg of protein in SDS-Laemmli loading buffer ([@B7]) per lane was fractionated by 12% SDS-PAGE using mini Protean 3 electrophoresis system (Bio-Rad). The proteins were transferred to a nitrocellulose membrane (Millipore). The filter was blocked in TBS (20 m[m]{.smallcaps} Tris base, pH 7.6, 150 m[m]{.smallcaps} NaCl) containing 5% nonfat milk (Bio-Rad), followed by incubation with the primary antibody goat polyclonal IgG (200 μg/ml) to human SRP72 epitope mapping near the C terminus of SRP72 of human origin (Santa Cruz Biotechnology, 1:2500), human SRP54 (Sigma) (1:2500), which represents the nonphosphorylated SRP protein and human GAPDH (Syd Labs, Boston) (1:3000). The filters were then incubated with HRP-conjugated rabbit anti-goat IgG antibody (Santa Cruz Biotechnology) and developed using ECL system (Thermo Fisher Scientific Inc.). The protein band was quantified using the Kodak 1D Imaging System, version 3.5 software, and expressed as relative units of area (RUA).

#### IP-WB Analysis

Lysates from Jurkat cells treated with different MAPK inhibitors and rhIL-1β (100 pg/ml) were immunoprecipitated as described previously ([@B7]). Briefly, 2 μl (2 μg) of anti-goat SRP19 antibody (Aviva Systems Biology LLC, San Diego) plus 2 μl (2 μg) of rabbit anti-goat IgG (Thermo Fisher Scientific Inc.) incubated with 30 μl of protein A-Sepharose beads (BioVision, Mountain View, CA) were used to immunoprecipitate the SRP complex that contained six polypeptides: 72, 68, 54, 21, 19, and 9 kDa. The IP-WB was performed using anti-phosphoserine antibodies (dilution 1:3000, Santa Cruz Biotechnology), followed by incubation with HRP-conjugated secondary antibody (Santa Cruz Biotechnology), and was developed by ECL (Thermo Fisher Scientific Inc.).

#### RNA Extraction and Real Time RT-Quantitative PCR

Jurkat cells (1 × 10^6^) were treated in the same experimental conditions as described before. Total RNA extraction was carried out using the RNeasy kit for isolation of total RNA (Qiagen^TM^, Germantown, MD) according to the manufacturer\'s instructions. Total RNA (1 μg) was reverse-transcribed to cDNA using Superscript II reverse transcriptase reagent and oligo(dT) (Invitrogen). The cycle included 5 min at 65 °C, 2 min at 37 °C, 50 min at 37 °C, and 15 min at 70 °C. cDNA obtained from the RT reaction was subjected to PCR using TaqMan Universal PCR master mix and ABI PRISM 7300 sequence detection system (Applied Biosystems, Foster City, CA). The primer and probe sequences and concentrations were optimized according to the manufacturer\'s guidelines in TaqMan Universal PCR master mix, protocol number HS00974354_g1, for human *SRP72*, containing FAM^TM^ (fluorescent reporter dye 6-carboxyfluorescein, 518 nm) as reporter dye, and human *GAPDH* was obtained from TaqMan human *GAPDH* reagents kit protocol part 4326317E (Applied Biosystems, Foster City, CA), containing VIC® dye (552 nm) as reporter. PCR parameters were as follows: incubation at 50 °C for 2 min, incubation at 95 °C for 10 min, and then 40 cycles of denaturation at 95 °C for 15 s and annealing and extension at 60 °C for 1 min. Each sample was tested in duplicate. Relative mRNA levels of genes of interest were then calculated from the standard curve. The experiment was repeated three times and was analyzed with ABI prism software.

#### Effects of p38 and ERK1/2 MAPK Inhibitors on Proliferation of Jurkat Cells

Effects of p38 and ERK1/2 MAPK inhibitors on Jurkat cell proliferation were evaluated by counting the concentration of cells at time 0, 12, 24, 48, and 72 h of culture. SB203580 p38 inhibitor (Promega Corp.) and ERK1/2 inhibitor PD98059 (Selleck Chemicals LLC) were added at 1, 5, 10 μ[m]{.smallcaps} concentration to Jurkat cells without stimulation with rhIL-β. ConA (5 μg/ml)-stimulated Jurkat cells in complete RPMI 1640 medium were used as a control. There was no toxic effect of inhibitors on cell viability nor on cell proliferation.

#### Statistical Analysis

Statistical analysis was performed by one-way analysis of variance with Dunnett\'s multiple comparisons test using Prism 5.0 for Windows (GraphPad). Differences were considered significant at *p* \< 0.05.

RESULTS
=======

### 

#### Recombinant Human IL-1β Induces Overexpression of SRP72 in Jurkat Cells

The SRP72 protein expression was increased between 90 and 240 min of rhIL-1β stimulation with a peak of expression at 240 min ([Fig. 1](#F1){ref-type="fig"}*A*, *lanes 6--9*; corresponding values of RUA are shown in [Fig. 1](#F1){ref-type="fig"}*B, closed bars*; 0 *versus* 240 and 5 *versus* 180 min, *p* \< 0.05).

![*A*, effects of rhIL-1β on SRP72 protein expression. Jurkat cells were stimulated with rhIL-1β at different time points. WB was carried out using antibodies against human SRP72 and human GAPDH as control. We found an increase of expression of SRP72 protein at 90, 90 and 240 min (*lanes 6--9*), being statistically different at time 0 and 5 *versus* 240 and 180 min, respectively (*p* \< 0.05). *B*, in contrast, GAPDH expression did not show any change. *C*, effect of ERK1/2 inhibitor PD98059 (1, 5, and 10 μ[m]{.smallcaps}) on SRP72 protein expression was evaluated on Jurkat cells stimulated with rhIL-1β. The cells were harvested at 0, 120, and 240 min, and the protein expression was verified by WB using antibodies against human SRP72, human SRP54 (nonphosphorylated SRP protein), and human GAPDH as constitutive protein. A decreased SRP72 expression at 10 μ[m]{.smallcaps} and 240 min was found. *D*, reduction of SRP72 expression was confirmed by RUA (*closed bars*) at 240 *versus* 0 min, 10 μ[m]{.smallcaps}. *E*, effect of HA1077 (1, 10, 20 μΜ) on SRP72 protein expression by WB was evaluated at 0, 120, and 240 min. A decreased intensity of SRP72 band was found when using a concentration of 20 μ[m]{.smallcaps} at 240 min. *F*, results were analyzed and RUA illustrated, finding significant results at 20 μ[m]{.smallcaps}, 240 min (*closed bars*). \* indicates *p* \< 0.05. The experiments were repeated three times.](zbc0461035940001){#F1}

#### ERK1/2 PD98059 and HA1077 Reduced SRP72 Protein Expression

The effects of MAPK inhibitors ERK1/2 PD98059 and HA1077 on rhL-1β-stimulated Jurkat cells were evaluated by WB using antibodies against SRP72, SRP54 (nonphosphorylated form of SRP), and GAPDH (loading control). Reduction of SRP72 protein expression by MAPK inhibitor was apparent at 120--240 min after culturing with both PD98059 (10 μ[m]{.smallcaps}, [Fig. 1](#F1){ref-type="fig"}*C*) and HA1077 (20 μ[m]{.smallcaps}, [Fig. 1](#F1){ref-type="fig"}*E*). The reduction of SRP72 expression was confirmed by quantitative analysis as shown in RUA ([Fig. 1](#F1){ref-type="fig"}, *D* and *F*). In contrast, expression of SRP54 and the constitutive protein GAPDH was not changed, indicating specific inhibition of SRP72 expression by these MAPK inhibitors.

#### Reduced SRP72 Protein Expression by p38 MAPK Inhibitors but Not by JNK-MAPK Inhibitor

Next, the effect of p38 inhibitors SB203580 ([Fig. 2](#F2){ref-type="fig"}*A*) and SB202190 ([Fig. 2](#F2){ref-type="fig"}*C*) on SRP72, SRP54, and GAPDH protein expression was examined by WB. Both inhibitors induced a concentration-dependent reduction of SRP72 expression but did not affect SRP54 and GAPDH levels. 10 μ[m]{.smallcaps} SB203580 and 10 μ[m]{.smallcaps} SB202190 induced the maximum reduction of SRP72 expression ([Fig. 2](#F2){ref-type="fig"}, *A* and *C*, respectively). A quantitative analysis by densitometry scanning (RUA) verified a statistically significant reduction of SRP72 expression by SB203580 ([Fig. 2](#F2){ref-type="fig"}*B*) and SB202190 (*p* \< 0.05, [Fig. 2](#F2){ref-type="fig"}*D*). SRP54 and GAPDH expression was not affected, suggesting that the reduction of SRP72 by the MAPK inhibitors was not due to nonspecific protein degradation but rather the effects were specific for SRP72 protein expression. In contrast, JNK inhibitor SP600125 did not show any effect on expression of SRP72, SRP54, and GAPDH ([Fig. 2](#F2){ref-type="fig"}, *E* and *F*).

![*A*, effects of p38 inhibitor SB203580 (1, 5, and 10 μ[m]{.smallcaps}) on SRP72 protein expression was evaluated by WB using antibodies against human SRP72, SRP54, and GAPDH. A decreased intensity of SRP72 bands was noted when using the inhibitor at 5 μ[m]{.smallcaps} concentration at 240 min (*lane 6*) and 10 μ[m]{.smallcaps} at 120 and 240 min (*lanes 8* and *9*). *B*, results were analyzed and RUA illustrated, finding significant results at 5 μ[m]{.smallcaps}, 240 *versus* 0 min, and 10 μ[m]{.smallcaps}, 240 *versus* 0 and 120 *versus* 0 min, respectively, (*p* \< 0.05). *C*, Jurkat cells with SB202190 at 1, 5, and 10 μ[m]{.smallcaps} were tested, and a decreased SRP72 expression was found when using at 10 μ[m]{.smallcaps} (*lanes 8* and *9*). *D*, results were analyzed and RUA illustrated, finding significant results at 10 μ[m]{.smallcaps} at 240 *versus* 0 and 120 *versus* 0 min (*p* \< 0.05). *E*, JNK inhibitor SP600125 (1, 5, and 10 μ[m]{.smallcaps}, 0, 120, and 240 min); no difference in intensity of bands corresponding to SRP72, SRP54, and GAPDH was found. *F*, RUA of JNK inhibitor by WB was illustrated, without significant changes in protein expression of SRP72, SRP54, and GAPDH. The experiments were repeated three times.](zbc0461035940002){#F2}

#### rhIL-1β Induces Serine Phosphorylation of SRP72 in Jurkat Cells

The effects of rhIL-1β on phosphorylation of SRP72 in Jurkat cells were evaluated by immunoprecipitating the SRP complex using anti-SRP19 antibodies followed by specific anti-phosphoserine antibodies in WB. An increased reactivity of SRP72 at 90--180 min after addition of rhIL-1β was observed, indicating rhIL-1β induced phosphorylation of SRP72 ([Fig. 3](#F3){ref-type="fig"}*A, lanes 6--8*). RUA quantification of SRP72 band showed increased phosphorylation peaking at 120 (*p* \< 0.05, [Fig. 3](#F3){ref-type="fig"}*B*).

![*A*, IP of Jurkat cell lysates treated with rhIL-1β was carried out using anti-human SRP19 antibody because this is the only antibody able to immunoprecipitate the SRP complex. An anti-phosphoserine antibody was used to identify phosphorylated proteins. An increase of intensity in the SRP72 band at 90, 120, and 180 min (*lanes 6--8*) was found. *B*, results were analyzed and RUA illustrated with significant results at 120 *versus* 0 and *versus* 5 min, respectively, with *p* \< 0.05. *C*, effect of ERK1/2 inhibitor PD98059 (1, 5, and 10 μ[m]{.smallcaps}) was evaluated in SRP72-immunoprecipitated cell lysates. WB using anti-phosphoserine antibody showed a decreased SRP72 band when used as the inhibitor at concentrations of 1 μ[m]{.smallcaps} at 240 min, 5 μ[m]{.smallcaps} at 120 min, and 10 μ[m]{.smallcaps} at 120 and 240 min (*lanes 3, 5, 8*, and *9*). *D*, results were analyzed and RUA illustrated, finding significant results at 1 μ[m]{.smallcaps} at 240 *versus* 0, 5 μ[m]{.smallcaps} at 120 *versus* 0, and 10 μ[m]{.smallcaps} at 120 *versus* 0 min. *E*, SRP72 immunoprecipitated from Jurkat cell lysate with anti-human SRP19 antibody was done to evaluate the effect of HA1077 ERK/12 inhibitor. WB using anti-phosphoserine antibody was done to identify phosphorylation status. We found a decreased intensity of SRP72 at concentration of 1 μ[m]{.smallcaps} (120 min) and 10 and 20 μ[m]{.smallcaps} (120 min). This finding was interesting because it suggests re-phosphorylation phenomena. *F*, RUA was illustrated, obtaining significant results at 5 μ[m]{.smallcaps} at time 0 *versus* 120 min and 10 μ[m]{.smallcaps} at 120 *versus* 0 and 240 *versus* 0 min (*p* \< 0.05). \* indicates *p* \< 0.05. The experiments were repeated three times.](zbc0461035940003){#F3}

#### ERK1/2 Inhibitors (PD98059 and HA1077) Diminish the SRP72 Phosphorylation

Effects of inhibitors of ERK1/2 (PD98059 ([Fig. 3](#F3){ref-type="fig"}, *C* and *D*) and HA1077 ([Fig. 3](#F3){ref-type="fig"}, *E* and *F*) on IL-1β-induced serine phosphorylation of SRP72 were examined using immunoprecipitates by anti-SRP19 antibodies. These inhibitors dramatically reduced the SRP72 phosphorylation in a concentration-dependent manner ([Fig. 3](#F3){ref-type="fig"}, *C* and *E*, respectively). Quantification of RUA of the corresponding SRP72 band showed significant reduction. All of were statistically significant at *p* \< 0.05 ([Fig. 3](#F3){ref-type="fig"}, *D* and *F*). The experiments were repeated three times with similar results.

#### p38 MAPK Inhibitors Reduce SRP72 Phosphorylation

Effects of p38 MAPK inhibitors (SB203580 and SB202190) on serine phosphorylation of SRP72 were examined in Jurkat cells stimulated by rhIL-1β. Both inhibitors showed a concentration-dependent reduction of SRP72 phosphorylation ([Fig. 4](#F4){ref-type="fig"}, *A* and *C*, \*, *p* \< 0.05). Quantification of the SRP72 phosphorylation confirmed statistically significant reduction of SRP72 serine phosphorylation ([Fig. 4](#F4){ref-type="fig"}, *B* and *D*, \*, *p* \< 0.05). In contrast, phosphorylation of SRP54 was not observed, indicating an exclusive phosphorylation effect of SRP72 evaluated by anti-phosphoserine antibody.

![*A*, effect of p38 MAPK inhibitor SB203580 (1, 5, and 10 μ[m]{.smallcaps}) on SRP72 phosphorylation was evaluated. Jurkat cells were stimulated with rhIL-1β, harvested at 0, 120, and 240 min, lysed, and immunoprecipitated using anti-human SRP19 and WB using anti-phosphoserine antibodies. A decreased intensity of SRP72 band was found when using the inhibitor at concentration of 1 μ[m]{.smallcaps} at 240 min and 5 and 10 μ[m]{.smallcaps} at 120 and 240 min. *B*, results were analyzed and RUA illustrated, finding significant results at 1 μ[m]{.smallcaps} 240 *versus* 120, 5, and 10 μ[m]{.smallcaps} at 120 *versus* 0 and 240 *versus* 0 min \*, *p* \< 0.05. *C*, effect of SB202190 (1, 5, and 10 μ[m]{.smallcaps}) on SRP72 phosphorylation was tested. A decreased intensity of SRP72 expression when used at 1 μ[m]{.smallcaps} (240 min) and 5 and 10 μ[m]{.smallcaps} (120 and 240 min) was found. *D*, RUA illustrated obtaining significant results at concentration 5 and 10 μ[m]{.smallcaps} at 120 *versus* 0 and 240 *versus* 0 min. \* indicates *p* \< 0.05. *E*, JNK inhibitor SP600125 (1, 5, and 10 μ[m]{.smallcaps}) had no effect on the SRP72 intensity of bands by IP-WB using anti-phosphoserine antibody. *F*, results were analyzed and RUA illustrated confirming no effect of JNK inhibitors in the SRP72 expression. \* indicates *p* \< 0.05. The experiments were repeated three times.](zbc0461035940004){#F4}

Opposite the p38 MAPK inhibitors, JNK-MAPK pathway inhibitor SP600125 showed no effect on SRP72 phosphorylation in rhIL-1β-stimulated Jurkat cells ([Fig. 4](#F4){ref-type="fig"}*E*). Quantification of the SRP72 protein band confirmed the results of IP-WB ([Fig. 4](#F4){ref-type="fig"}*F*) as expected, because JNK is involved in tyrosine phosphorylation and not in serine phosphorylation as it occurs in SRP72.

#### Effects of MAPK Inhibitors on Proliferation and Apoptosis of Jurkat Cells

Results shown above indicated reduced SRP72 protein expression as well as reduced serine phosphorylation by MAPK inhibitors in rhIL-1β-stimulated Jurkat cells. One possible explanation is that these effects might be related to toxic effects of the MAPK inhibitors and, more specifically, induction of apoptosis or inhibition of cell proliferation. Therefore, the effects of MAPK inhibitors on cell proliferation and apoptosis were evaluated by proliferation cell growth curve and by flow cytometry analysis of forward and side scatter pattern of the cells. Jurkat cells were cultured with the inhibitors at a concentration used in the above experiments, and the cell growth was counted at 0, 12, 24, 48, and 72 h. No effects of reduced Jurkat cell proliferation was observed in the presence of MAPK inhibitors (data not shown). In addition, forward and side scatter analysis of cells after culturing with these inhibitors showed a normal distribution pattern (data not shown). Thus, at least MAPK inhibitors do not appear to induce significant apoptosis or reduction of cell proliferation in the conditions used in this study.

#### mRNA Expression of SRP72 Is Not Modified by Inhibitors of MAPK Pathway

Because ERK1/2 and p38 MAPK inhibitors reduced SRP72 protein expression in rhIL-1β-stimulated Jurkat cells, SRP72 mRNA was evaluated using quantitative RT-PCR. Jurkat cells were stimulated with rhIL-1β without inhibitor ([Fig. 5](#F5){ref-type="fig"}*A*) or with ERK1/2 inhibitor PD98059 ([Fig. 5](#F5){ref-type="fig"}*B*), JNK inhibitor HA1077 ([Fig. 5](#F5){ref-type="fig"}*C*), p38 inhibitor SB203580 ([Fig. 5](#F5){ref-type="fig"}*D*), p38 inhibitor SB202190 ([Fig. 5](#F5){ref-type="fig"}*E*), or JNK inhibitor SP600125 ([Fig. 5](#F5){ref-type="fig"}*F*). The results did not show significant changes on the mRNA expression of *SRP72* mRNA after the treatment with these inhibitors, suggesting that the reduction of SRP72 protein expression is not mediated by down-regulation of SRP72 mRNA.

![**We used real time RT-PCR to investigate the effects of rhIL-1β (*A*), PD98059 (*B*), HA1077 (*C*), SB203580 (*D*), SB202190 (*E*), and SP600125 (*F*) on SRP72 mRNA expression.** All the samples were treated under the same experimental conditions used in protein tests done by WB, and phosphorylation was measured indirectly by IP-WB. The results did not show significant changes on the mRNA expression of SRP72 after the treatment with these inhibitors.](zbc0461035940005){#F5}

DISCUSSION
==========

In [Fig. 1](#F1){ref-type="fig"}, *A* and *B*, we showed induction of SRP72 by rhIL-1β after 90 min, peaking at 240 min. Interleukins are known to activate cells to exert many effects pro- or anti-inflammatory, angiogenesis, etc. MAPK kinase family is a key point on transcription factors such as NF-κβ ([@B8], [@B9], [@B21], [@B22]). All the pro-inflammatory factors mediated by this transcriptional factor will be translated through the rough ER ([@B23]), where SRP plays an important role ([@B24]). SRP72 is the only component in the SRP complex that can be phosphorylated. Our results confirmed that SRP72 was a phosphoprotein to which a serine residue is phosphorylated ([@B25]). The physiological and potential pathological implication of this phenomenon in production of autoantibodies to SRP72 is not known. We suggest a few possible applications of this reaction on the cell physiology as follows. 1) It has been described that a GTPase domain on the docking protein for SRP at the rough ER could be related to the release of the complex SRP-docking-ribosome-mRNA-translocon ([@B5], [@B24], [@B26][@B27][@B28]). 2) The phosphorylation of the SRP72 might increase the affinity of SRP for its receptor on the rough ER membrane and facilitate the rough ER translocation of protein ([@B5], [@B23], [@B29][@B30][@B31]). 3) The phosphorylation of SRP72 influence on the SRP complex activity in general because of the targeting of the protein by SRP does not requires GTPase activity ([@B31][@B32; @B33; @B34][@B35]).

A lot of work has to be done for the complete understanding of this phenomenon. The main function of the SRP complex is to attach the signal nascent polypeptide sequence, arrest the elongation, and finally, transport to the rough ER lumen the proteins that will be secreted to accomplish post-translational modifications. Indeed, the major role of SRP72 along SRP68 is to translocate proteins into the rough ER lumen ([@B35], [@B36]). Why, in inflammatory myopathies, SRP72 as well as the SRP54 subunits are the target of autoantibody production is not known. In 1998, it was reported that a serum from a patient with DM could immunoprecipitate the SRP complex from Jurkat cells metabolically labeled with \[^35^S\]methionine ([@B36]) or \[^32^P\]orthophosphate and that SRP72 is phosphorylated on a phosphoserine residue. This SRP72 subunit was the only phosphoprotein among the SRP components. A cleavage of SRP72 into a 66- and 6-kDa fragment after induction of apoptosis in Jurkat cells was shown. This apoptotic cleavage of autoantigens has been described as a possible mechanism of breaking tolerance against self-peptides on different autoimmune rheumatic diseases, so this is the first evidence related so far to an SRP72 subunit change once it is induced by apoptosis. We cannot assume that this might be the possible explanation as to why DM patients develop autoantibodies against SRP components.

The information about clinical characteristics of DM patients who are positive for antibodies against SRP54 is that they have an aggressive outcome with poor response to conventional therapies ([@B11]). The aim of this study was to evaluate the pathways of phosphorylation and overexpression of the SRP72 polypeptide, using an *in vitro* model of Jurkat cells stimulated by rhIL-1β in the presence of MAPK inhibitors. Our results showed that rhIL-1β causes up-regulation of protein expression and phosphorylation of SRP72 in Jurkat cells. Inhibitors of MAPK pathway ERK1/2 or p38α/β down-regulate the expression of SRP72 autoantigen in Jurkat cells stimulated by rhIL-1β. Studies in rheumatic diseases like rheumatoid arthritis and osteoarthritis have shown the important implication of IL-1β on the overexpression of cyclooxygenase-2 (COX-2), influencing the progression of the disease ([@B30], [@B31]). The increase of SRP72 influenced by IL1β might be involved in triggering tissue damage in the patients with polymyositis and DM ([@B11]).

Post-translational modifications such as hyperphosphorylation of proteins have been proposed as one of the mechanisms of breaking tolerance to some specific epitopes of autoantigens such as La/SSB in patients with systemic lupus erythematosus and Sjögren syndrome ([@B37][@B38][@B39]). Our results show that phosphorylation of SRP72 is increased by rhIL-1β. In summary, changes in phosphorylation status of some proteins that are potential autoantigens may unmask cryptic epitopes. Once the antigens in unconventional form are processed and presented on antigen presenting cells, an autoimmune response may be triggered ([@B36]). Previous studies reported that IL-1β is able of activate the MAPK pathway ([@B39][@B40; @B41; @B42][@B43]).

Our hypothesis is that MAPK inhibitors of p38α/β and ERK1/2, might influence the SRP72 autoantigen expression in Jurkat cells challenged by rhIL-1β. To validate our hypothesis, we included SRP54 antibody testing in the same conditions as we tested SRP72 subunit along with JNK inhibitors, showing that both SRP polypeptides and the GAPDH constitutive protein did not suffer any change when they were evaluated under the same experimental conditions ([@B11]). Additionally, we were able to show by cell counting for up to 72 h in a time course experiment that the exponential growth of Jurkat cells was not affected by MAPK inhibitors used in this study (data not shown). Lack of increased apoptosis by MAPK inhibitors was also confirmed by flow cytometry.

This demonstrates that our results are valid using the appropriate controls (SRP54 and GAPDH), and the results are reproducible. One caveat of our study is that rhIL-1β was not able to show an increase of SRP72 expression at 120 and 240 min in the presence of MAPK inhibitors.

Real time RT-PCR was done to measure the autoantigen of interest induced by rhIL-β in Jurkat cells tested with MAPK inhibitors, showing no effect on mRNA expression of the *SRP72* gene, which could explain that the SRP72 and all the components of the SRP complex are synthesized and assembled inside the nucleus to do their functions in the cytoplasm ([@B2], [@B35]). Our results are similar to reports that have described that the levels of mRNA are not a reflection of the cellular protein activity in several physiological situations ([@B43]). SRP72 is a constitutive protein present in all eukaryotic organisms that is essential for survival; it is the unique organism that can survive after deletion of this SRP72 protein or other polypeptides of the SRP complex such as *Saccharomyces cerevisiae* ([@B23]), which demonstrates the importance of this protein inside the cellular mechanisms, mainly the translocation of secreted proteins.

Some studies show the use of mRNA expression patterns by themselves, however, is insufficient for understanding the expression of protein products, as additional post-transcriptional mechanisms, including protein translation, post-translational modification, and degradation, may influence the level of a protein present in a given cell or tissue ([@B44], [@B45]). These cases probably represent a situation where, in the cell, having significantly controlled the mRNA expression to produce a specific level of protein, the mechanisms to control the translation will probably not be employed. Alternatively, those proteins that have very low occupancy rates have uncorrelated mRNA and protein expression; thus, given that the cell has not tightly controlled the mRNA expression, it will dictate the resulting protein levels through rigorous controls of its translation ([@B46]). A second option for a general lack of correlation between mRNA and protein abundance may be that proteins have very different half-lives as the result of varied protein synthesis and degradation. Protein turnover can vary significantly depending on a number of different conditions; the cell can control the rates of degradation or synthesis for a given protein, and there is significant heterogeneity even within proteins that have similar functions ([@B47], [@B48]).

Experimental therapy using inhibitors of the MAPK pathway for the treatment of rheumatoid arthritis has been under development; the anti-inflammatory and anti-erosive effects in experimental models of arthritis, beside the relief of inflammatory pain, are shown ([@B41], [@B49]). Our results highlight the importance of studying the pathways of activation and overexpression of autoantigens. It will be necessary to perform careful research on various kinase pathways, including MAPK in DM and other rheumatic diseases, to help explain the routes of activation and inhibition of autoantigens. The understanding of this process may help develop the design of new therapies to prevent and control the loss of the tolerance toward our own proteins.
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